Abstract: Morphological features of oospores of a rarely noted species Chara braunii Gmel. were examined in a local population (fishpond near Tuplice village, Ziemia Lubuska region, mid-western Poland). The largest polar axis (LPA, length), largest equatorial diameter (LED, width), isopolarity index (ISI = LPA/LED*100), and the number of ridges and width of fossa of 90 oospores were measured. Additionally, the oospore wall ornamentation pattern was examined by means of scanning electron microscopy (SEM). As a result, a cylindrical shape and the lack of so-called "shoulder" were found. Oospore length and width ranged between 466.8-600.1 µm and 250.1-366.7 µm, respectively, with the ISI index values between 148 and 213. The number of ridges was 8-10 and the width of fossa varied between 50.0 and 66.7 µm. The oospore width appeared to be the most changeable feature, whereas, by contrast, the number of ridges was the least variable character. Wall ornamentation can be described as tuberculate and a ribbon was present on the ridges. As a comparative material for the study performed, 9 oospores from Professor Izabela Dąmbska's Collection of Charophytes of Poland were measured. It was evidenced that variation ranges of most of the features of Chara braunii oospores from Tuplice fishpond are similar to those of Professor Dąmbska's herbarium materials and to data reported by authors from other countries as well. The morphology of reproductive structures does not follow the variation of thalli characteristics.
Introduction
Stoneworts, also called "charophytes" (Characeae) are macroscopic algae belonging to Chlorophyta. In several publications, authors pointed to difficulties in species identification as related to a wide range of feature variation of thalli, which also concerns the morphology of oospores (Wood & Imahori 1965; Casanova2005) . Although differences in oospore character among several taxa were well documented under light microscopy (Nordstedt 1889; Zaneveld 1940; Covich & Tsukada 1969; Proctor 1975) , the oospore-based determination of some species still seems to be rather impossible. It was found that the supplementary analyses of oospore morphology by means of scanning electron microscopy (SEM) can be helpful in correct identification (John & Moore 1987; John et al. 1990; Leitch 1989; Ray et al. 2001; Sakayama et al. 2005) . As a conservative feature, the ornamentation pattern can be considered as highly reliable character and thus of a significant diagnostic value.
Morphological features of Chara braunii Gmelin (=Chara coronata Ziz ex Bischoff, the only uncorticated Chara species in Polish charophyte flora) oospores has not been studied in Poland so far. Although it is distributed worldwide, it has rarely been noted within Poland (Dąmbska 1964) . Chara braunii grows most often in fishponds, and sometimes in old river beds (Dąmbska 1966; Tomaszewicz 1979) , where it can form its own association Charetum coronatae Corillion 1957. Dąmbska (1966) described 10 localities of this community, whereas Tomaszewicz (1979) gave a total number of 9. However, our knowledge of the biology and ecology of Chara braunii in Poland is limited as the distribution of this species is still poorly recognised.
A new locality of this rare species was found in the summer of 2002 in the complex of fishponds near Tuplice village (Ziemia Lubuska region, mid-western Poland), where it still exists due to yearly field surveys (Pukacz & Pe lechaty 2004) .
The aim of this study was to analyse the range of the morphological variation of Chara braunii oospores collected from the above-mentioned locality and to compare it to other Polish localities based on the earlier literature data and own measurements performed on herbarium materials from Izabela Dąmbska's Collection of Charophytes of Poland (Department of Hydrobiology, Adam Mickiewicz University). The results are the basis for further discussion concerning the diagnostic value of oospore features.
Material and methods
Material was collected in the field from a small (3 ha) through-flow fishpond localised in a fishpond system of 11 ponds built at the beginning of the XIX century. The reser-458 P. Boszke et al. The oospores were collected from different parts of the thallus, choosing only dark-coloured and mature oospores. In the morphometric analysis of oospores, the largest polar axis (LPA, length, µm) and the largest equatorial diameter (LED, width, µm), the isopolarity index (LPA/LED*100), the number of ridges and the width of fossa at the equator (µm) were examined following recommendations by Horn af Rantzien (1956) by means of a stereoscopic microscope Olympus SZX 9. 90 oospores were studied. The SEM photographs were taken at the Electron and Conphocal Microscope Laboratorium at Adam Mickiewicz University in Poznań.
As a comparative material, 9 oospores were collected from herbarium documentation of three further localities of Chara braunii in Poland (Izabela Dąbska's Collection of Charophytes of Poland). Since a few individuals with a limited number of oospores represented each locality in the herbarium, only 3 oospores were collected from each locality. Additionally, published data from other countries (Migula 1897; Groves & Webster 1920; Hollerbach & Krasavina 1983; Haas 1994; Krause 1997) were used to discuss the study results.
Results and discussion
The oospores of Chara braunii examined in this study were prolate and cylindrical in shape. They were dark brown or black. The oospores did not form the indentation in the lateral profile toward the apex of the oospore (the so-called "shoulder") (Fig. 1A) , a typical feature of other Chara species. Detailed data on the oospore features are contained in Table 1A . By contrast to the width of the oospores, the number of ridges appeared to be the least variable character. The SEM analysis (Fig. 1B) revealed that wall ornamentation was tuberculate with the diameter of the ornamentation elements greater than 1µm. It was also observed that a ribbon was present on the ridge. Table 1B contains data on the oospore measurements performed on the basis of Professor Izabela Dąmbska's Collection of Charophytes of Poland. Although it is a source of very valuable data on the morphological variation of charophyte thalli and oospores, C. braunii belongs to the group of species with the smallest number of exsiccates. Therefore, only 9 mature oospores were collected from exsiccates documenting three fishponds localized in Southern Poland. As a result of the comparison undertaken it was found that variation ranges and variation coefficients for features of these herbarium oospores (Table 1B) are similar to the population of Chara braunii studied in Tuplice fishpond (Table 1A) . Consequently, it is postulated that interregional variation of the characters of Chara braunii oospores is rather insignificant, although such regionally dependent differentiation was found for Chara globularis Thuillier, a species widely distributed within Poland (Boszke & Pe lechaty, in. prep.) .
Variation ranges of most of the Chara braunii oospore features found in the studied population from Tuplice fishpond are also similar to those given previously by other authors from other countries ( Table 2) . Considering the oospore length, the range in this species was most often stated between 420 (450) and 620 µm (Migula 1897; Groves & Webster 1920; Hollerbach & Krasavina 1983; Haas 1994, Table 2 ). According to Krause (1997) oospores of Chara braunii may be even longer (Table 2) , followed by the width of oospores varying within the range slightly narrower than that given by Haas (1994) . By contrast, according to Groves & Webster (1920) and Hollerbach & Krasavina's (1983) , the oospore width does not exceed 300 µm. The number of ridges was stated to range between 7 and 11 ( Table 2) . Although biometrics describing the oospore morphology are interrelated, the correlations appeared to be rather weak. On the basis of 90 oospores from Tuplice fishpond, positive dependencies were noted between the oospore length and the width of fossa (r = 0.57), as well as between the oospore length and width (r = 0.52). Much weaker correlations were found between the width of oospore and fossa (r = 0.31). In contrast to the above-mentioned interrelationships, a weak negative correlation was evidenced for the number of ridges and the width of fossa (r = −0.30). Thus, it can be assumed that increasing length of oospores is accompanied by an increase in their width and the width of fossa but is not followed by an increasing number of ridges. That is consistent with Mandal & Ray (2004) , who also evidenced that the greatest dependencies among the oospore features within the Chara genus are to be found between the oospore length and width as well as between the oospore length and the width of fossa. Therefore, those interrelations seem to be the general tendency for the Chara species.
As far as the coefficient of variation is concerned (Tables 1A, B) , the number of ridges appeared to be the least variable feature of Chara braunii oospores. For this reason this character can be assumed reliable for the species identification. In contrast, the width of the oospore revealed much more changeability. According to Casanova (1997) , variation in morphology of oospores is linked with the type of aquatic ecosystems. For charophytes occurring in temporary and drying habitats a uniformity of oospore size can be expected, as compared to those growing in permanent bodies of water. That might be a result of natural selection. Other studies, however, do not confirm this suggestion as in the case of Chara rudis A. Braun, variation coefficients found in the lake habitats (Boszke & Bociąg 2006) are similar to those presented in the study reported.
It is worth emphasizing that Chara braunii is a changeable species, as far as thallus characteristics are concerned, with a number of forms and varieties: 6 as evidenced by Zaneveld (1940) and 7 according to Wood & Imahori (1965) . As the presented study results suggest, it is not followed by the morphology of reproductive structures of this species. It corroborates the findings by Ray & Mandal (2004) , who showed that oospores of three forms of Chara braunii were similar in dimensions and the wall structure. Variation ranges of most of the features of Chara braunii oospores coming from the studies performed in Tuplice fishpond are similar to the herbarium materials from Professor Izabela Dąmbska's collection as well as to the literature data from other countries, which seems to confirm the above statement.
